Introduction
Identifying and understanding the occurrence of volatile organic com pounds (VOCs) in drinking water is important. Contamination of drinkingwater supplies by VOCs is a human health concern because many are toxic or are known or suspected human carcino gens (U.S. Environmental Protection Agency, 2000) . The occurrence of VOCs in surface-and ground-water resources is widespread (Delzer and others, 1996; Lopes and Dionne, 1998; Squillace and others, 1999; Lopes and others, 2000) and the occurrence of VOCs in public drinking water has been noted for some time (Westrick and others, 1984) . In a recent national survey of community water systems (CWSs), 38 percent of CWSs identified VOCs as potential contaminants in their source waters (U.S. Environmental Protection Agency, 1997) . In that same survey, 23 percent of CWSs with exclu sively surface-water sources and 27 percent of CWSs with exclusively ground-water sources indicated that they used some type of treatment in at least one facility to remove organic contaminants (U.S. Environmental Protection Agency, 1997) .
Under the Safe Drinking Water Act (SDWA), the U.S. Environmental Protection Agency (USEPA) has estab lished Maximum Contaminant Levels (MCLs) for 21 VOCs in drinking water supplied by CWSs. Drinking water supplied by CWSs is required to be mon itored for compounds with MCLs. The data from the compliance monitoring of CWSs provide an important resource of information on the occurrence and distri bution of both regulated and unregulated VOCs in drinking water from surfaceand ground-water sources.
The primary purpose of this fact sheet is to describe the occurrence and distri bution of VOCs in public drinking water. To achieve this, the U.S. Geological Survey (USGS), in cooperation with the USEPA, Office of Ground Water and Drinking Water, conducted an assess ment of the quality of drinking water from CWSs in 12 Northeast and MidAtlantic States. The Northeast and MidAtlantic regions were selected for this study because they are generally highly populated, have a long-term history of urbanization, and are areas with high use of public water supply. The samples were collected during 1993-98 to meet the requirements of the SDWA and pri marily represent finished drinking water collected prior to distribution. Informa tion provided here on the occurrence and distribution of VOCs in drinking water within the study area summarizes a more comprehensive report by Grady and Casey (2001) .
Design Approach and Data Set
The number, size, source, and loca tion (by State) of CWSs selected for this study represented the actual distribution of CWSs in the region. A stratified random design was chosen to select the systems to be included in the data inven tory, review, and analysis (Grady and Casey, 1999) . This design allowed for a statistical comparison of data by State, source of water, and number of people served by the utility. As of December 1, 1997, a total of 10,749 CWSs provided drinking water to more than 58 million people in the 12 Northeast and MidAtlantic States. Of these CWSs, 2,110, or about 20 percent, were randomly selected for this study. The stratified random design distributed the CWSs among the 12 States in direct proportion to their actual distribution with respect to the number and size of the systems, and source of water.
Screening data from State health and water-supply agencies for the 2,110 selected CWSs resulted in more than 21,000 VOC analyses available for this assessment. The locations of 5,022 surface-and ground-water sources for the 2,110 selected CWSs are shown in figure 1 . Identification of the sources and their locations were obtained from a variety of State and Federal data bases. Although not every source for every system could be spatially located, the distribution shown in figure 1 
Occurrence and Distribution
Chemical data were censored to a level of 1.0 µg/L to determine detection frequency for any VOC, groups of VOCs, and individual VOCs. This strategy helped to equalize variability in laboratory minimum reporting levels and allowed for the most direct comparison of detection frequencies among groups of VOCs, and among individual VOCs.
Occurrence of VOCs by Group
For purposes of comparison, individ ual VOCs were grouped into categories generally reflecting the predominant use of the compounds. The five groups based on predominant use are: (1) solvents, (2) gasoline components, (3) refrigerants, (4) fumigants, and (5) VOCs used in the synthesis of other chemicals. Another group also was included-trihalomethanes (THM) including chloroform, bromodichloro methane, chlorodibromomethane, and bromoform. Although the name of this group does not reflect a predominant use of the chemicals, THMs commonly are detected in finished drinking water. THMs are known to form in water as a result of reactions between disinfection agents and organic matter in the water. For CWSs that have some or all of their water supplied by surface-water sources, the frequent occurrence of THMs in treated water may be attributed to reac tions between disinfection agents and organic matter in the water. The fuel oxygenate methyl tert-butyl ether (MTBE) was included in the gasoline components group. MTBE has recently emerged as a contaminant of concern
that is commonly found at low concen trations in surface and ground water (Zogorski and others, 1998; Moran and others, 1999 ) and now must be moni tored in some CWSs as an unregulated contaminant (U.S. Environmental Protection Agency, 1999). Of the 2,110 randomly selected CWSs, 39 percent had a detection of one or more VOCs at or above 1.0 µg/L. The distribution of surface-and ground-water sources from CWSs with and without a detection of any VOC is shown in figure 1 . The sources indicated as having a detection of any VOC in figure 1 include all of the sources for a system with a detection and do not indi cate the specific source that had the detection.
The THMs were by far the most commonly occurring VOC group and were detected in 42 percent of the 1,543 CWSs with data (table 1). The common detection of THMs in finished drinking water probably is related to their forma tion through the chlorination of drinkingwater supplies. Chlorination of drinking-water supplies for disinfection has been known to result in the forma tion of THMs through reactions with
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h lo r o m e t h a n e 1 , 1 -D ic h lo r o e t h a n e naturally occurring organic material in the water. Solvents were detected in 9.8 percent of CWSs, and gasoline com ponents were detected in 9.0 percent of CWSs. The pattern of detection of VOCs by group was statistically signifi cant at the 95-percent confidence inter val (p <0.0001). In general, VOCs in groups that are more widely used, such as solvents and gasoline components, were detected more frequently than VOCs in groups that are not as widely used, such as organic synthesis com pounds, refrigerants, and fumigants (table 1) .
Occurrence of Individual VOCs
Of the 84 individual VOCs analyzed, 54 were detected in at least one sample at or above 1.0 µg/L. Detection frequen cies for the 20 individual VOCs that were reported in more than 1 percent of CWSs are shown in figure 2. Individu ally, the four THMs-chloroform, bro modichloromethane, chlorodibromo methane, and bromoform-were the most frequently detected VOCs, ranging from 33 to 8 percent. When the concen trations of the four THMs were summed, the resultant total THMs were detected in 42 percent of the CWSs with data. The most frequently detected non-THM compound was MTBE, which was iden tified in 8 percent of CWSs. The fre quency of MTBE detections in drinking water is significantly related to high Table 1 . Number of systems with analyses of one or more compounds in groups of volatile organic compounds, number of systems with a detection of one or more compounds in groups of volatile organic compounds at or above 1.0 micrograms per liter, and frequency of detection of groups of volatile organic compounds in drinking water from randomly selected community water systems in the study area [VOCs, volatile organic MTBE-use patterns. Detections of MTBE were about five times more likely in areas where MTBE is or has been used in gasoline at greater than 5 percent by volume as part of the oxygenated or reformulated (OXY/RFG) fuels program. Thirty-four other VOCs also were detected at or above 1.0 µg/L, but all were detected in less than 1 percent of CWSs.
Concentrations of VOCs
Concentrations of VOCs in drinkingwater samples ranged from 0.01 µg/L for ethylene dibromide and dibromochloro propane to 930 µg/L for trichloroet hene. Of the 2,110 randomly selected CWSs, 6 percent had one or more sam ples with one or more VOCs with a con centration above the MCL, Health Advisory (HA), or Drinking-Water Advisory (DWA) (table 2). Concentra tions of total THMs at or above 100 µg/L in 46 CWSs were the most common cause for exceeding the MCL (table 2), but concentrations of the solvents tetra chloroethene and trichloroethene at or above 5 µg/L also were reported in more than 1 percent of CWSs.
Distribution of VOCs
The frequency of detection of any VOC at or above 1.0 µg/L in one or more samples from CWSs varied considerably from State to State. Every State had a detection frequency greater than zero with a range from 22 to 68 percent. The highest detection frequencies occurred in States with high population densities and extensive urban development. The lowest VOC detection frequen cies occurred in States with sub stantial rural regions. Overall, VOCs were detected at or above 1.0 µg/L three times more frequently in drinking water from systems that are supplied by surface-water sources, or both surface-and ground-water sources, than in systems that are supplied exclu sively by ground water. The detections of VOCs also were more frequent in very large and large systems (serving > 3,300 people) compared to medium and small systems (serving <3,300 people). The detection frequency of any VOC in very large systems supplied partly by surface water was driven by the frequent occurrence of THMs. Other VOCs also were detected more frequently in drinking water from the larger systems than in drinking water from smaller systems. 
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Conclusions and Implications
trichloroethene exceeded standards fairly frequently. Because health standards or The detection of VOCs at or above criteria have been exceeded in some 1.0 µg/L in water supplied by CWSs was drinking water, a better understanding of fairly common. The frequent detection the sources, transport, and receptors of of THMs as a group and as individual VOCs that exceed these values would compounds is not surprising considering help in developing plans for better that many CWSs use chlorination for protecting source waters from contami disinfection of drinking water. However, nation. other anthropogenic or natural sources could be responsible for at least some of
